INTRODUCTION {#sec1-1}
============

Cleaning and shaping of the root canal system is an essential part of root canal therapy.\[[@ref1]\] The primary goals of cleaning and shaping are thorough debridement of the root canal system and specific shaping of root canal preparation, while maintaining the original canal configuration and optimal canal form.

However, this is difficult in curved canals, where there is a tendency for all instrumentation techniques to change canal curvature and result in procedural errors. The evolution of nickel titanium rotary instrumentation and its metallurgy has resulted in reducing the procedural errors associated with root canal instrumentation and the time required to finish the preparation.

The Mtwo endodontic instruments introduced in 2005 have two blades and feature a large groove between them. This design is claimed to reduce the core diameter and increase the ﬂexibility. Furthermore, the increasing pitch allows a more delicate cutting action at the apex and a more aggressive one in the coronal portion.

Twisted file (TF; SybronEndo, Amersfoort, The Netherlands), introduced in 2008, has three unique design features: the R-phase heat treatment, twisting of the metal, and special surface conditioning. These features significantly increase the instrument\'s resistance to fracture\[[@ref2][@ref3]\] and provide greater flexibility.\[[@ref4]\]

The ProFile GT Series X (GTX; Dentsply, Tulsa Dental Specialties, Tulsa, OK, USA), introduced in 2009, is based upon M-wire technology. The open blade angles, variable width lands, in GTX files are reported to minimize taper lock in the canal as well as produce larger chip space between the cutting flutes and increase the cutting efficiency without transportation.\[[@ref5]\]

Revo-S (RS), developed by Micro-Mega, offers apical finishing which is closely adapted to the anatomical and ecological criteria of the canal.\[[@ref6]\]

There have been no studies published till date on the use of cone-beam computed tomography (CBCT) to assess and compare the canal transportation, centering ability of Mtwo files with that of RS files, TF, and GTX files in curved extracted mesiobuccal root canals of mandibular molars.

Thus, the purpose of this study was to evaluate and compare the canal transportation, canal centering ability, and time taken for preparation of curved root canals after instrumentation with Mtwo files, RS files, TF, and GTX files by using CBCT.

MATERIALS AND METHODS {#sec1-2}
=====================

Selection and specimen preparation {#sec2-1}
----------------------------------

Forty extracted human mandibular first molars with an average length of 20-21 mm, curved mesial roots with two separate mesial canals and apical foramina were selected. Teeth were accessed using an Endo-Access bur (Dentsply, Maillefer), and the meisobuccal canals were localized and explored with a size 10 K-file (Dentsply, Maillefer). Mesiobuccal canal curvatures were assessed according to Schneider\'s technique.\[[@ref7]\] Only canals with curvature (20-40) were included in the study. Distal roots with the respective part of the crown were sectioned at the furcation level and discarded. The determination of the working length was performed at magnification 8× using a surgical microscope by inserting \#10 K-file to the root canal terminus and subtracting 1 mm from this measurement. Specimens were coded and randomly divided into four equal experimental groups (*n* = 10) according to the rotary NiTi file system used in canal instrumentation: The RS group, the TF group, the GTX group, and the Mtwo group.

For all the groups, the root canal instrumentation was performed in accordance with the manufacturer\'s recommendation for all the files. All the files were operated by a 16:1 gear reduction handpiece powered by electric torque control motor and the final apical preparation was standardized to size 30 with 0.06 taper. Canals were irrigated with 3 ml of 5% NaOCl solution after use of each file. Glyde (Dentsply, Maillefer, Ballagius, Switzerland) was used as a lubricant during instrumentation. Final irrigation was done with 1 ml of 17% ethylenediaminetetraacetic acid for 1 min followed by a final flush of 3 ml of NaOCl. The instrument was changed after preparation of three canals.

Image analysis {#sec2-2}
--------------

The roots were positioned in a custom-made specimen holder in which they were aligned perpendicularly to the beam and scanned before and after instrumentation using i-CAT CBCT scanner (Imaging Science International, Hatfield, PA, USA). The teeth were then scanned to determine root canal shape at 3 mm, 5 mm, 7 mm, 9 mm, and 11 mm from the apex. After obtaining scans from all specimens, the data from CBCT were stored in magnetic optical disc. The shortest distance from the canal wall to the external root surface was measured in the mesial and distal directions for the mesiobuccal root canal. The distance was measured on the reconstructed 2-dimensional image without reduction by using the measure length tool. Measurements were recorded before and after instrumentation to calculate the following: (1) The degree of canal transportation at each level according to the following formula: (x1 − x2) - (y1 − y2); (2) The canal centering ratio at each level according to the following ratio: (x1 − x2)/(y1 − y2) or (y1 − y2)/(x1 − x2), where x1 is the shortest distance from the mesial edge of the root to the mesial edge of the uninstrumented canal, x2 is the shortest distance from the mesial edge of the root to the mesial edge of the instrumented canal, y1 is the shortest distance from the distal edge of the root to the distal edge of the uninstrumented canal, and y2 is the shortest distance from the distal edge of the root to the distal edge of the instrumented canal; (3) The mean working time was recorded using an electronic stopwatch. Time for instrument changes and irrigation was excluded.

The mean, standard deviation, minimum and maximum values were calculated for all the groups in terms of canal transportation, canal centering ability, and time taken for preparation. One-way analysis of variance (ANOVA) with Tukey\'s honestly significant difference (HSD) was applied to make inter- and intra-group comparison of canal transportation, canal centering ability, and also the inter-group comparison of the time taken for preparation, using SPSS version 15.0. A *P* 0.05 was considered as statistically significant level.

RESULTS {#sec1-3}
=======

The mean and standard deviation values for the canal transportation and the centering ratio at the studied levels for the experimental groups are presented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, and the time taken for preparation in [Table 3](#T3){ref-type="table"}.

At 3 mm, GTX showed maximum transportation and minimum canal centering ability (0.13 ± 0.02 and 0.72 ± 0.03) as compared to RS (0.12 ± 0.02 and 0.73 ± 0.03), TF (0.08 ± 0.02 and 0.83 ± 0.03), and Mtwo (0.11 ± 0.02 and 0.73 ± 0.04).
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Mean±SD and statistical analysis of mean canal transportation values for the tested groups
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Mean±SD and statistical analysis of mean canal centering ratio values for the tested groups
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Statistical analysis of the mean values for the time taken for preparation (seconds) for the tested groups
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At 5 mm, RS showed significantly higher mean canal transportation and lower canal centering ability (0.14 ± 0.02 and 0.70 ± 0.04) than GTX (0.11 ± 0.02 and 0.77 ± 0.06) and TF (0.10 ± 0.02 and 0.77 ± 0.05), while the difference between RS (0.14 ± 0.02 and 0.70 ± 0.04) and Mtwo (0.12 ± 0.02 and 0.73 ± 0.04) was not significant.

At 7 mm, TF showed significantly lower mean canal transportation and higher centering ability (0.15 ± 0.02 and 0.69 ± 0.04), as compared to Mtwo (0.17 ± 0.02 and 0.60 ± 0.03), while the differences between TF (0.15 ± 0.02 and 0.69 ± 0.04), GTX (0.16 ± 0.02 and 0.64 ± 0.02), and RS (0.17 ± 0.02 and 0.62 ± 0.03) were not statistically significant.

At 9 mm, TF showed significantly lower mean canal transportation and higher centering ability (0.13 ± 0.02 and 0.76 ± 0.03), as compared to Mtwo (0.16 ± 0.02 and 0.71 ± 0.04), while the differences between TF (0.13 ± 0.02 and 0.76 ± 0.03), GTX (0.14 ± 0.02 and 0.75 ± 0.03), and RS (0.15 ± 0.02 and 0.73 ± 0.03) were not statistically significant.

At 11 mm, TF had significantly lower mean canal transportation and higher centering ability (0.08 ± 0.02 and 0.85 ± 0.03) value as compared to RS (0.10 ± 0.02 and 0.78 ± 0.04), while the differences between TF (0.08 ± 0.02 and 0.85 ± 0.03), Mtwo file (0.09 ± 0.02 and 0.80 ± 0.03), and GTX file (0.08 ± 0.02 and 0.82 ± 0.03) were not significant.

TF showed significantly lower mean preparation time (26.70 ± 1.34) as compared to all other groups, while the differences between GTX (57.20 ± 6.29), RS (54.00 ± 3.43), and Mtwo (56.00 ± 2.45) were not significant.

DISCUSSION {#sec1-4}
==========

With increasing mechanization in endodontics, the use of Ni Ti rotary instrument is widespread. Kandaswamy *et al*.\[[@ref8]\] have reported better canal centering ability of NiTi instruments as compared to stainless steel. Therefore, the majority of reports on preserving original canal curvature have focused on NiTi instrument composition and design. RS, TF, GTX, and Mtwo are the recently introduced file systems that are distinctly different in their geometric design and manufacturing method. Hence, the purpose of this study was to compare the effect of these new NiTi rotary instruments on canal transportation and the centering ratio using CBCT scanning. Non-invasive CBCT scanning was used because it provides an accurate, reproducible, 3-dimensional evaluation without the destruction of the teeth.\[[@ref9][@ref10][@ref11]\] Apical preparation of all canals was set to size 30 and 0.06 taper in each instrument because Khademi *et al*.\[[@ref12]\] reported that apical instrumentation with number 30 size and 0.06 coronal taper was effective for removal of debris and smear layer from the apical portion of root canals. Five levels (i.e., at 3 mm, 5 mm, 7 mm, 9 mm, and 11 mm from the root apex) were chosen for evaluation as they represent the apical and middle thirds of root canal in which curvatures exists and are highly susceptible to iatrogenic mishaps.\[[@ref13]\]

In the present study, TF showed lower value of canal transportation and higher degree of centering ratio as compared to RS and Mtwo, which could be attributed to the new manufacturing method of TF resulting in increased phase transformation temperatures and increased ﬂexibility of TF compared with the other NiTi instruments manufactured by grinding.

Also, the single length preparation in case of Mtwo as compared to crown down preparation in case of TF might also have contributed to more canal transportation and lower canal centering ability of Mtwo as compared to TF.

The present finding is in accordance with the study of Hashem *et al*.,\[[@ref13]\] Gergi *et al*.,\[[@ref14]\] and Batouty *et al*.,\[[@ref15]\] who found that TF resulted in more centered preparation with less canal transportation than the other files systems tested.

GTX files showed inferior overall average mean values of canal transportation and canal centering ability as compared to TF, but the difference in canal transportation value was significant only at 3 mm, while the difference in centering ratio was significant at 3 mm, 9 mm, and 7 mm.

The comparable value of mean canal transportation and mean centering ability of GTX with that of TF might be due to a new M-Wire technology used for manufacturing GTX instrument. This technology, along with thermal process imparts GTX instruments greater flexibility and increased resistance to cyclic fatigue, compared with files constructed from traditional NiTi alloy.\[[@ref16]\]

Similar findings were reported by Hashem *et al*.,\[[@ref13]\] who also found no statistically significant difference in mean canal transportation of GTX and TF at 5.2 mm and 7.8 mm.

GTX showed lower value of canal transportation and higher value of canal centering ability as compared to RS. However, the difference was statistically significant only at 5 mm.

The comparable apical transportation and mean centering ability of RS with GTX might be due to asymmetrical cutting profile of RS which facilitates penetration by a snake-like movement and offers a root canal shaping and apical finishing that is closely adapted to the anatomical and ecological criteria of the canal.

Hashem *et al*.\[[@ref13]\] have also reported that GTX showed lower canal transportation and higher canal centering ability than RS at 5.2 mm.

GTX showed lower value of canal transportation and better centering ability as compared to Mtwo. But the difference in canal transportation was not significant at all levels, while the difference in canal centering ratio was significant only at 9 mm. The comparable values of canal transportation and canal centering ratio of GTX and Mtwo might be due to the single length preparation technique used in both groups and unique design of Mtwo.

Maitin *et al*.\[[@ref17]\] have also reported lowest value for canal transportation as compared to Protaper, K3, and Race.

GTX showed maximum transportation and minimum centering ability at 3 mm as compared to all other groups. This might be due to the absence of intermediate size between size 20 with 6% taper and size 30 with 6% taper in the GTX file system. All other systems tested in the present study had an intermediate size 25 in their sequence, which might have resulted in their lesser transportation and higher centering ability at 3 mm.

The present finding is in accordance with the study of Hashem *et al*.,\[[@ref13]\] who found that GTX recorded significantly higher mean canal transportation than RS and TF at 2.6 mm.

There have been no studies published till date comparing canal transportation and centering ability of Mtwo produced by traditional NiTi grinding process with the instruments produced by using the twisting method (TF), RS, and M-wire alloy (GTX). Therefore, findings of this study cannot be corroborated or contradicted.

Another interesting finding of the present study was that canal transportation at 3 mm of all Ni Ti rotary instruments tested was in the range of 0.08-0.17.

These values were considerably less than the critical canal transportation value of 0.3 mm as proposed by Wu *et al*.,\[[@ref18]\] who found that leakage occurs more frequently when apical transportation index is \>0.3 mm.

Intra-group comparison showed maximum transportation and minimum canal centering ability at 7 mm and 9 mm across all groups, which is in accordance with previous studies.

TF showed minimum time taken for preparation than GTX, RS, and Mtwo. The significantly less time taken for preparation in TF as compared to RS, GTX, and Mtwo might be due to less number of files and high speed of rotation used during instrumentation. However, there was no significant difference in the mean preparation time of GTX, RS, and Mtwo.

CONCLUSION {#sec1-5}
==========

Within the parameters of this study, it could be concluded that all the tested files showed some degree of apical canal transportation, but it was well within the acceptable limit (0.3 mm) of canal transportation. The innovative method of manufacturing the TF system resulted in superior shaping ability in curved canals, with the instruments remaining more centered and producing less canal transportation than GTX, RS, and Mtwo file systems.
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